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ON THE STUDY OF WINGS OF POLISTES HEBRAEUS (FABR.) 


By 

R. I). SAKSENA 
iL li, CoUsgi, Agm 
[Rteeivctl on 5ih Augiat 1959] 

'I'he present paper tIesUs with the studies on the wings of the common yellow 
wasp Polhtes hbrnmis (Fahr.), Although a considerable amount of work has been 
done on the imu jjhology of the wings of different hymenopterous insects, practically 
nothing is known alKUtt the insect selected for the present study. Comstock and 
Necdhatn plan of nomenclature has been used in describing the veins. 

MA'rERIAL AND METHOD 

The adults on wings were caught by nets, while younger stages were xollected 
from tlic ciunhs. The wings were taken out and examined both as temporary and 
permanetit jiHHmt.i. They u.iuany curled up slightly during dehydration 
but for the purpose they were well spread over a slide and pressed under a cover 
slip while dehydrating. 

OBSERVATIONS 

The wasp has four membranous wings thinly clothed with fine brown setae* 
The wings of rach side are held together by a row of hooks, the hamuli, on the front 
margin of the hind wing (Plate 1, fig 2 Ham); these hooks fasten to a fold m the 
hind margin of the front wings so that the two wings present a continuous surface 
beat together. 


The venation is more or less reduced, much more so in the hind wing which 
is smaller than the fore wing. The courses of the veins specially the forked ones 
are very much modified; principal veins have extensively fused and their branches 
have a tendency to run transversely and to coalesce before reaching the wing-margin. 
The hind wing has an anal lobe and a very deep axillary excision and a faint 
prcaxillary excision. 

The Costa (Plate t, fig. 1, C.) forms the outer margin and bears a stigma at the 
distal third. It is associated with humeral plate at the atUero-proximal point. 
The humeral plate is a big flat scle.ritc lying between the wing and the axillaries. 
There docs not appear any trace of Subensta, Radial or Medial, which arc, in fact, 
iused with the costa forming a stout margin. The radial manifests itself at the tip of 
the wing by forming a curved cord, 

Plate 1 



Fig. 1* 1 he fore wing with nervurcH* 

Fig. 2. The hind wing with various nervures and hamuli. 

Fig. 3. An enlarged view of the fore wing bane showing the artkuhuion with e^)iu'ieron. 
Fig. 4* An enlarged view of the anal nervure in ai'dculatbn wiili tlie axtlhuy* 
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The next vein is eiihUd (cuh) which joitis the stigma (stm) after enclosing a 
triangular median cell. It i.s forked at the anterior third and forms a bii^ cubital 
cell just posterior to the stigma and two other smaller ones on its anterior side. The 
cubital gives a small branch at the proximal third, which in itself again branches. 
The next vein is vinsi (an.) which meets a small branch of the cubital at the proxi- 
mal third and runs forward forming two big cells anteriorly. 

Atlmlatim of wmgst The wings are not directly articulated with the thorax but 
are inierposetl by a set of small chitinous pieces — the Pteralia, which are held 
together by means of an articular membrane. The shape and size of these insects 
depend upon the frequency and the force of the wing beats, besides the strength and 
^hc weight of the body. They are highly complicated structures in wasps. In 
I ’’m/u wing-base sclerites have been very carefully described by Berlese and in 
other insects by Orampton and Stellwagg. 

The Ptralia include a humeral plate (Plate I Figs. 1, 2 and 3, H. P.) at the 
b,ise of the costal vein and a number of others sderites or axillaries a few of which 
articulate with the base of the wing and others with the notal process arid 
one lies in between. The articular region is more conspicuous in mesotergite than in 
the metatergite, but both arc in close proximity of each other. 

Th(’ proximal end of the wing is attached to a very broad and flat humeral 
plate on the anterior margin of the wing base and can be easily seen partly covered 
by the tegula in a flexed condition. The costal vein together with the median meet 
ihe humeral plate distally, the .second axillary posteriorly, and the first axillary 
proximally. It has a deep ventral notch which plays over the latter scleritc. Close 
u> uoieh is a small ventral condyle which articulates with the fourth axillary. 


'Phe fust axillary or Alar oisicle named as notopterale by Grampton, is a 
small tmrved plate like. the. letter ‘S’ placed anteriorly between the anterior wing 
vein, the costa and the anterior notal processes of the tergum. Its anterior ventral 
convex margin marked («) articulates with a notch and the posterior ventral 
concave ntat ked (ft) with a convexity of the epiineron. The antero-ventral concave 
margin ol the. humeral plate, specially during the opening of wings, articulates 
with the t,it)isal convex surface, of this plate marked y (PI. II, Fig I a.). 


The second axillary ( PI. II Fig, 1 b.) is a long piece with a ventral fdge f U 
akmv its length, fm rowed deeply near about the middle for the insertion of muscles 
is rxtrcxiicly black while the rest u yellowish brown* It hes 
nl'ditiuelv meeting the ctibitus at its distal end and the humeral plate on the anterior 
iitle m ulrd (81. The proximal portion or the ridge encloses an anterior cavity 
marked (7) in which tits in a ventral Carina of the humeral plate The distal ndg 
IS nosteum cavity marke.l (<!>) for articulating with the condyle of ®eso 
scutum. Its owti proximal condylar region fits in a cavity under the notal ridge 

the mr.soscuium. 

•ri.. ...M ■» a .elarite rormrd liy ttia fraion ot a imaU bla* 

i'*”' 

third axillarv is thus 

Fi) ,.f a v.,y c.;m,.Jfe»Kd tiW. » cma ■« „S,. “Sid « ,h. 

the mwiei iur wing-huigc-phite. ol the wing uase. n pair oi m>. 
vcinral piece jhiU the wing, rotate it as to lie against the sides. 
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The fifth axillary (PI. 11, Fig. 1, e.) has a sh.ipr rMrmhlinK a rkht anslprl 
triangle with a large nvim\)er of facets all ove-r. The hypotemise is directed dors ^ 

posteriorly and the dorsal apex (» in Fig, 1 , r.) ineeis the ventral proximal ridffe 

of the second axillary.^ The facet fmined by two antero-ventral processes 
articulates with a convexity at the posterior margin of the epimeron The 
posterior apex and a part of the hypotenuse {(> in Fig. 1, e.) fits into the cavity of 
the fourth sclerite (M in Fig. 1, c.) tut its di.stal face. The rest of the margin of the 
hypotenuse and the proximal) area work against the sixth .sclerite. ^ 

Pl.ATit 2 



Fig. I. Axiltariei ortlic Cort) wint? • 

{a) Pint 

(W Second axillary* 

(g) Third md Fourth 


(ji) fixllliiry 

(td Fifth ii^iltiiry, 

IJ } Hixlh tillhiry* 


1 ^ ;i luiig ct>iiiplic;ite(i structure, the 

wliirh I witerku' cud'arifiei vcntrally convex atm, 

a its dorsal end has two processes enclosing n fhcct (y ) which 
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articulates with the ventral condyle in the middle of the proximal margin of the 
humeral plate. Just above the junction of this arm with the main stem there is a 
facet (<ff ) and the wlude of th<5 area ( y ) below it, works against the proximal side 
of the tilth sclcrite. The black ventral condyle ( y ) in the posterior third, arti- 
culates with a notch formed by the lateral black marginal anterior end of mesoscu- 
tcllum and the posterior end of the mesoscutum. The posterior ai m (|) rests against 
an ante.ro- ventral process of the mcsoscutellum. 

The seventh sclerite (pi. 11, Fig. 1, d.) is small curved axillary generally found 
closely attached to the dorsal arc (m in Fig. 1, e.) of the fifth axillary. It is a 
curved subtriangular structure convex proximally and may be supposed to be a part 
of the fifth axillary due to close approximation. It lies in between the fifth and 
sixth axillaries. 

The first, second and the fourth axillaries are associated with the base of the 
wing and the third, sixth and seventh with the body wall while the fifth lies in 
between the two sets, and acts as a pivot to move the whole mechanism. 

The hind pair of wings is similarly attached to the body by means of five 
axillaries, besides the humeral plate at the base. Actual tegula is absent but 
the posterolateral margins of the mcsoscutellum arc considerably raised into carinate 
ridges, which look like the tegula of the hind pair of wings, 

PtATE 2 



Fig. 2. of the hind wing : 

(a) Third laillary. (c) Second Axillary, 

(/^) Flrut axillury. (d) Fifth axillary. 

(e) Fourth axillary. 

The first axillary (PL II, Fig. 2, b.) is a small tri-radiatc piece with two facets 
articulating with the mctaplcuron vcntrally and the humeral plate dorsally. It 
works exactly like the first axillary of the fore wing although the two arc different in 
shape, 
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The spcitml axilljuy (I'l. 11, Fig. c) is rt suijUl *.S' shapnl piree, morp tha^ 
half of which is hlack. Into the black concavity fits vrnti ally the fourth axillary. 
Its convex mat gin articulates with a tierp conca vity in the hunirral plate. 

The third axillary (Fh H, Fig- 2, •»*) ** tt'ore or less a sickle-slniped sclerite 
with the convex niavgin directed anteriorly; the antetior ridge of the fourth axillary 
fits into its posterior concavity. At the dorsal apex there is a facet to .articulate 
with the condyle present in the mitldle of the wing hase. The curved margin 
has two processes proximally, between which an arnt of the first axillary fits m. 
There is ventral process to this cuived structure which rests against the, body wall. 

The fourth axillary (PI. II* Fig. 2,e.) is a long rod with two transverse 
processes vcntrally. The, lower half has a very prornirrent iialeriorly directed round 
Carina which fits into the posterior concavity of the third sclerite. The ventral 

J roximal process somewhat like a condyle works against the rnetapleuron and the 
istal rests against the fifth axillary. The whole of the posterior margin is closely 
articulated with the anterior margin t>f the fifth acleriie. |‘he thusal end has a facet 
between two curved processes to articulate with black eotn-.rvity of the second 
axillary. 

The fiftli axillary is an elongated piece, with two latersd processes (PL II, 
Fig. 2, d.). The dorsal end and the anterior lateral margin with processes are con- 
nected with the jugum of the bind wing and with the fourth axillary on the pro- 
ximal side. The ventral ends rest agaitist the Irody wall, 
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ON THE VEGETATION OF KONKAN IN BOMBAY STATE 


By 


R. K.JAIN 

Botmied Sumy of Itidia, Poona 
JReccivea on Sth May 1959] 


.« .5*® *** Bombay State lies approximately between latitude 17‘8‘> 

to 8’4b»N and longitude 72*55® E to 73*52® E. It comprises of parts of districts of 
Kolal)a and Ratnagiri. The area of work is shown in map I. 



MAP l 

Tim general top«rgraphy is of undulated land. Towards the coast it is plain 
country with frequent outcrops of lower ranges of Western Ghats. The altitude of 
lire plaitJ country varies from sea-lcvcl to approximately 50 m. and the hills 
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mngc between 100 m. to about 300 ni. The hills arc gradually lusher •md 

eastwards till they merge with the high ranges of the Western tJh.us. * ^ 

Almost no botanical work has hern done on this area after the nubliration f 
Cooke’s Flora of Bombay in No studies have at all hern done on tlu* 

gical aspect of the vegetation. ' 

Botanical collections were therefore made in ditfereni seasons of the vear nod 
the plants were idcntifircl in the Poona herhari.mu Ibmhtful .Hpecimens were 
leleiied to the Central Natnrttal Herhariunij Caleutta. After fatniliari'/.ing with the 
flora, the vegetation was studied by iHran.s of «iuadtats. ’riansecis were laid in a 
variety of habitats scattered all over the area. 

Soils 

«nn with »» the area-vi.^. Glayey-toam, Coarse sandy 

soUj Red laterite soil^ and Coastal alluvium (Map 2)* ^ 




Tiie clayey loam soils are present in the valicys. They are greyish brown in 
colour and support good tree growth of moist deciduous forests, composed of 
Pongmia piitmla, Mangifem indm, Sysygium camini, Lagmiromxa lanmlata, Grewia 
tilkefoUa, Fieux TemimlitSi species, etc, nsgundo and Sarto 0 m saligna 

are cotmuon shrubs in st»ch habitats. 

Coarse sandy greyish brown soils arc met with on upper slopes and hill tops of 
the northern half of the district and are the commonest soils of the area. They 
support deciduous forests. The western and north«wcstcrn slopes and protected areas 
on such soils support moist deciduous forests. The dominant tree species on such 
habitats are Tmthns gmniis, T erminslia mnulata, Lsnnsa Mfomandslica, Mangifera irtiicd 
and Garugu pinmta. The commonest shrubs arc CarUsa congssta, Ixota arhoHa, 1. coccidea^ 
Holarrhena mddjfsmtmes, and tmtand mmara. Common climbers are CokuIus hirsutus^ 
Calyapterif floribunda, Combretm omlijolmm and Tinospora eordifolia. Higher altitudes 
have Cdrda edloss and PavMs indka also. 

The eastern and south-eastern slopes have dry deciduous type of forests. 
Twtenfl grnndii along with Simuiia tnilosa, Amgeissus latifoUa, Madhuca indica^ Butea 
mmosp^rmit Adimt eordiJttUa, and Ttrmindia species are the common tree species. 
Shrubs of WtHd/mlia fruikma, liitphorbia ligdaria, and Capparis species grow in addition 
to those dcscriinul above. Such vegetation was studied at Adharna, Indapur, Roha, 
and Ratnagiri. 

The red laterite soils are present in the southern part of the district. These 
soils arc reddish in colour, or various shades from reddish-brown to greyish-brown. 
These are very fertile and fine soils, and support evergreen or mixed forests. Due to 
heavy biotic interference, however, these habitats are also now colonized by various 
grades of decithtous forests. .Such habitats were studied atDapoli and Sangameshwar, 
Protected forests at such habitats have evergeen speeics such as Garcinia indica, 
Mmuylon umbdldim, Bamngtoma aattmgda, Tsrminalia chfbda, SyZygium cumini, 
Mangifera indica, etc. 

The coastal alluvium is present all along the coast, and usually supports 
coconut plantations. Large areas in such habitats have been put under Casuarina 
equisetifoUa plantations. In moist marshy areas mangrove vegetation is found. The 
tnangrove vegetation was studied at Alibag, Dasgaon, and Ratnagiri. 

For the study of vegetation transects were laid in all types of habitats in the 
area, The trees, shrubs and saplitigs occurring in quadrats of 5 m. radius were noted. 
The percentage occurrence of different species was calculated. The data obtained in 
these quadrat studies have been tabulated in Table L 
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•»» 
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'«** 
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8 
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... 
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... 
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The main features of the vegetation of the various places studied are described 
below. 


Adharna Forest 

This forest is situated about 10 kilometers north-east of Pen in Kolaba district, 
The wcBtern and north-western slopes have denser vegetation, llm top is bnalki’ 
land and has been subjected to felling. The s.mUneast .slope has poorer vegetation. 
The forest is predominantly of mixed deciduous type, co»np«Mrd of Tectuna grandis- 
Brythrina vamgata var. orisnlaiii community. Other common trees in the comrauniity 
arc Ficus glomcrata, Terminalia crenulatat Oariiga pinnila, L‘tmm enmnmddka, Salmalia 
malabama, Syzygium euminii, Xytia dolahrifarinh. The trees m the .second storey are 
Acacia chtindra, Bauhinia racemosa, Buka moM-^pernts, Wrighiia iincteria and 
rugosa. 

The shrub layer consists chiefly of Carissa emgesia, Capparis sp., Lantana camara 
and Flacourtia indica. Tinospora cordifoUa^ Calycopteris floribunda and yasmtnum mdabaricum 
arc commonest climbers in the area. 


Clumps of Euphorbia Ugularia und yatropha eurm are common near habitation 
and along agricultural fields. 

Srigancharl Forest 


This forest is situated near AUbag. The forest is closed to felling, grazing etc,, 
but illicit felling and lopping is common. The forest is chicUy of mixetl dcciduou.s 
type but patches of moist dtciduous and dry deciduous type are also seen. Wherever 
forest fires or felling have cleared the area the forest depaittnent are planting teak. 
Thus, though economically more valuable, the forest la facing retrogression from 
moist or mixed forest to deciduous type. The cammonest tree 8pecic.s are Teckna 
graniis, Mangifera indica, Pongamia pinnaia, Grmk tUkefolk and Fkm gkmerata. Trees 
of Garugapinnata, Lannsa coromandelica, Erythrim mrugala, Syzygium eumini, Terminalia 
bsihrha and Careya arborea also occur. The common shrubs in this forest are Carma 
congesta, Zi^pbas rugosa, Lantana camara, hara arborea, Oappans spkm. Garok callosa is 
cornmon on upper ^ slopes. Jasmimm malabarieum, Timsjmra eordijolk, Calywpteris 
fionbunda, Coccdus hirsutus and Dwscorea speed s are onamon climbers, Gombretum 
ooalifolium is frequently met with on the outskirts of the forest. 


Parur and Karla forests about seven kilometers in nortlmat of Alilmg have 
Teak is abundant here. Other uec.s are same as at 
ongaocnan. I he shrub layer is rather deme and is composed of Almts pneatorius, 
f^d>pkstegia grandijlora, Flacourtia indica, Paveita indica, Smilax Zsylanica and 
ooajordia jrutteosa, m addiuon to the species which were emmnion at Sriganchari. 

showed frequent regeneration of Careya arborea, IVrightk 
tT.Tlr western slopes <.f the.se hills have denser vegetation and 

^Mkma ramnosa, GmeUna arbom, b’tmttlia tiiUosa and 
terminalia spp., are also seen here. 


Roha 


nf shunted near the town of R.»ha- The dillcrent slopes 

btir i-i». forests arc closed to grazing by the Forest Dc?partment, 

P lopes nearer to babitatioti arc subjected to illicit felling and lopping. 
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Tlie lower parts of the norh-eastrrn slope have trees of r«^»a ^rmiu.klmgifim 
indim, FiMs gkmemta, Gmtga pimala, Lmnea mtmmddm, ^ythnm mmg^a tm. 
orimldh iui i Udmdm nmkbarm. The shrub layer consists of Cmm mgesta, frewia 
nndilimt saplings, ompUa, Z- Mokrrhma ««iirfj?w»l«nea. 

T\J tnipi'r parts of this slope have many trees ol Arngmsus kH/olm, at places almost 
in nure crop. -rite top of the hill has 4B9|stw«r iattfdm miftd mth Sumlm mlhja, 
cirnyu. teak, etc, An adjaceait hill has denser vegetation , and trees, of Amm dmndm, 

corv. .a.r«. a.,«, and J. 

iiff iilcitw m%h Ihs uptem cleicrib:d aboV'e* The vmmma waterw 

sloi>e is denser slilL and trees of Brythrim, Salmha, Skrtuha, Garuga are 

very common. Tim shrub layer is composed of liokrrhem anh(iy.mt 0 rm, Uma 
mllm, and Cmim mgnsm and species of Imre, 


nUm 

The looition of Bhira is interesting. It is situated on the western foot of erect 
high vfall of Sahyadaris On way from Roha to Bhira the troUy 
the river Kundlika. Trees of Lagmlmmia Immlata, 
makharim, Pongnmk pinnate, Ficus gkmemta, Cordia dtehotoma, 

fHFitKfl. li’iadin uUgvma, Vitsx negnndo 'and hamcoeca sahgna are abundant all along 
the tract. 

The vevMation was studied at Amhivlt 11 Icilometers west of Bhira. The forest 
is predoininiu’itiv of ’/rrmiRaiifl mimlata. Trees of Adina mrdifolta, Anogeissus lahjnha, 
(kfffit ttfbimu, Garitgtt pinnaln, Madhtm indica, Salmalia mdabarica, Sy^gium cumim, 
Trfmmlitt kUmmm l T. pankitkla are also commonly met., 1/® ; 

contposrd mainly of C«r«,va erngtista, Ixora cocema, Calycoptms flonbunda, Holarrhem 
anlidymtmcti ami saplings of Lagmtmmia mA Tcminaha. ,l?reshly exposed surfaces 
of amygdaloldal soils have dense growth of IToorf/oraia /rancors. 

Kolad 

Thr SuVtdi forest, tt kilometers north of Kolad town was studied. It is a 
, nixed deciduous type of forest. The dominant community is Mangtfera mdica- 
THtma mndh cotimumity. Otlicr common trees in the forest are Mcvn« Icmflom, 
ilitmphrmmttifmdnheukM, Tmnindk emukta, Cassta fistula, Grmia tilatfoha Ganya 
mhum, dime mdifdm, Madhma indica, Etythma vamgata var. onmtahs, etc. The 
ctimmoncsi shrubs ’are (kmria gravmlms, Fkcmtk indtea, ZiZyphm ocnoj^ha Hokrrhma 
antidpmtmm mA Carma enngesta, There are a _ number of robust chmbeis in the 
lltreit including Gndum ula which is very conspicuous. 

Nagorll forest 

Itwiapur-The forest here is of dry deciduous type composed 
Gmm piunm. l.mnm cmmmddim, ICrythnM varmata var ?! 

mnulim, ktlmik mdabarm, Amgcmis ktijoha, and 

UmmktL Thr llnrsi is suhiret to considerable damage by biotic interference and 

tiers are laihrr -ipiuse aiwl malfurtned. 

Mahad 

The teak forests of Mahad were studied. There is teak plantation and tree? 
of Aemm ttmbm. Zkjphur waKriliatia grow mixed in the teak plantations, 
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Abovu 7 kilometers north of Maliad is the Dasgaon Forest, The soil is reddish 
brown. The lower parts of the hills have scrub vegetation and commonest scrubs 
here are Hdanhma mitidyuntcr'm, Woodfmita J'rntmm, Cmhsa wigffta, Lmilam catnara 
Euphorbia ligukruiiind saplings otTrewia nudijhra. Jammtim maklmimn and Dalbcrsia 
sympathetica are very common climbers. One single plant of Ramiolfia scrpotitina was 
wieninllowermthcmonthofMay. Trees of Salmalia mdabmka, frnvia polycarba, 
ITtfffuiftdlut Cl ^JT ^ pt lift Cl i (if Icukj, Ilfidclui s (Hiftyu Q.Tbof^Q 

Ihitea rnoHospi'.rtna, hrythrina, Orowia tiliaejolia, Mfyna laxljl, )ra, Piciocar/ms tiiarsupium and 
Morinda tinckna are commoner near the lop. 

Mangrove vegetation was studied in a sea creek backwater near Dasgaon. 
Shrubs of Aegiceras cornieulatus and Acanthus Uicifolius arc very common here. 

DapoH 

This place is situated 25 kilometers west of Khcd on the Mahnd—Ratnagiri 
Road. The soil is fine red latcrilc in lower valleys and coarse greyish brown on 
upper slopes and hill tops. 

The reserved forests in valley r are of mixed deciduous type tending towards 
evergreen. The presence of Cartinia imlka, Atmec^on iimbcllatum^ SyZygium 
species and domiriance of Tmninalk species, namely T. kilorm, T.'mmdata, T. 
chebula, and T. panlculata are sttggcstive of the evergreen nature of the forests. Trees 
of Barringtonia amtangula were seen along the river Jog. 

The hill .slopes have le.ss reddish, rather lirownish coarse .stnl, 'I’hey support 
forests ol the inoist or dry dcciduou.s type a.s described for the varioms localities 
above. The hill-tops have dry deciduous forests. 

Sangameshwar 

This is situated on main West— coast road, 40 kilometers north of Ratnagiri. 
The present vegetation is the remnant of one-time almost evergreen vegetation. Heavy 
cutting an! browsing has been done, and all passible areas have been brought under 
cultivation. Signs of shifting cultivation are evident. Slopes where cultivation is not 
possible have tree growth. Gomraonest trees are Tmninalia crmttlala 7‘. panicidata, 
T. bellerica, T, chebula and Mangifera indica. Trees of Garcinia indica, Mammga peltala 
and Ficus species are also seen. 

Halarrkena antidysenterica and Claycopteris Jlorikmda are very nlnmdant shrubs all 
over, along with the other commoner shrub species such as Carissa, Lantana^ Zlzyphus 
etc. Species of Jasrninum, Dioscorca, Rmilax, Combretum, Cissarnpdtis and Vissus are 
common dimhers. Raimlfia serpentina plants were seen growing wild at few places, 
usually singly and under the bushes of //ofarr/iwo and Valycopteris, 

The study of the vegetation of these various spot.s indicates that the plant 
communities in the area are edaphic or hio-edsijihic. Good fertile soil and good 
rainfall warrant a dense vegetation cover on all hills and alluvial plains of the 
Konkan. With exclusion or control of biotic interferences in the area, the forests of 
the district will gradually tend toward.s mixed evergreen or even evergreen stage. 

The economic aspect of the vegetation was studied. The forests have 
valuable timlier species such as^ teak, Tcrrninalias mango, Bkrmrpus marsupium. 
Crewia tilaefolia, Anogeissus latifolia, Caruga pinnata, iJinma eoromandelita etc. Testk 
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is iK'.iaj; vigorously prolccteti ami expanded by t’orest Department, Salmalh 
imlabarka is a well-known match* wood tree, common in the area, A large number 
of medicinal plants grow alrdundant e. g. lidarrhem mtidjsmtmcai Timspors mrdifolia, 
Temmditis^ Mrm pr^mtnrm, Cdastrus panisulatus, Hdktms ima, Hmiclesmus indieus 
Smikx Zfylanka etc, Haimlfta ierpmtini plants were seen growing wild at Sangemeshwar 
atid Das'gaon, They were too few to be suggested for any commercial exploitation. 
Tlie data, however, indicates the suitability of these localities for its cultivation 
and extension. 

The studies are being continued further for fuller knowledge of the llora, its 
succcssional trends and economic exploitation of the vegetable wealth of this area. 

I ana grateful to Dr. G. S. Puri, Regional Botanist, and Dr. J. G. Sen 
Gupta, Chief Botanist B. S. I., for their kind help and facilities in these studies. 
Thanks are due to the Chief Conservator of Forests, Bombay, and his officers in 
Konkan for their help in field work, ’ 
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THE ROOT SYSTEMS OF TimiimiA WRPUREa PEES. AND 
aCANTHOSPERMUM mSPIDUM DC. IN DIFFERENT SOIL 
TYPES OF JABALPUR 

S. G. t’ANDEYA* mi<i S, N. AVVASrittf 

Dapattmmt of Bttany, Mahakoskd Mahavidyulaya, Jabalpur 

Read at the 27th Annual Semion of the Academy held at the Mahakushal Mtdiavidyalaya, 
Jabalpur on 27ih December l‘jr>7 

INTRODGCnOM 

A desirable type of root system is one that fully occupies the soil to an 
adequate depth with sufficient radius to secure enough water and nutrients 
in order to promote good growth at all times (Weaver, 1925). Roots liave been 
demonstrated to have four separate physiological and morphological fut ctions (cf. 
Esau, 1953; Russel, 1953; and Eames and MacDaniels, 1947). Rccctjtly, Mothes 
(1958) has shown that root appears to have an important role in the carbohydrate 
metabolism of plants. According to him the carbohydrate metabolism is not com- 
pleted in absence of roots. 

Our knowledge of interactions betwet;*! soil, root and neighbouring root sy.stcm 
is very scanty. Some of the ontstanding work on tlie root .systems of crop plants, 
grasses and herbs is due to Weaver and hiB co*workcrs (cf. Weaver, 1915, 20 & 25; 
Weaver, Kramer ScRccd, 1924; Weaver and Bruner, 1927 and Weaver and Clements, 
1938). They have shown that the form of root system of a given species depends largely 
upon the prevailing cdaphic conditions, such as water content, pore space, texture of 
the soil, etc. Similar observations have been made by Biswell (1935), Brenchley and 
Jackson (1921), Haasis (1921), Holch (1931) and Muller (194t>). In heath plants 
according to Heath and Luckwill (1938), the peat habitat al may even replace the tap 
root system to an adventitious one. Cannon (1911, 24 & 25), Convay (1940), Dean 
(1933), Elliot (1924), Noyes, Jrost and Voder (1918), Kramer (1949) and Russel 
(1953) have shown that the manner in which a root .system develtjps depends both 
on its hcriditary potentialities and such environmental faettns as stul texture, 
moisture, aeration and temperature, etc. The imetspeciffc competition between 
roots may as well elfect in their development (Weaver & Clements, 1938; Pavly- 
chenko, 1937; Cole & Holch, 1941 and llusscl, 1953). 

In India, Pandeya (1953) has shown tluit the root sy.stem of Ikthriachloa pertusa 
(Linn. A. Camus.) is less developed under graced conditions. Shanti Sarup and 
Tandon (1955) have correlated the root systems of Uynardripsin pmtaphylU with the 
nature of soil aud its water content. Rotrt systons <4' /»><«, Rmdtia tubmsa 
and Phyllanlhus niruri have been studied by Ajnbasht (1957) in relation to the 
physiographic factors. Recently Jtjslu and Kantblmj (1959) have describeil the root 
system of Gisekia pharnaceoitles Linn. In very sandy iocalities the root sysiettt i.s found 
by them to be very long and arc not deep in rocky and hard soils. 

* Present Adclrctis : Deimitincnt ui' Potuny Cnlloge crSt'k?na?i RiU|nn% 

t Now at Holkar College, Intlorc, 
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thus thrrc is not much of work on the study of root systems in India. The 
present study was, therefore, undertaken to investigate the root systems of Tsphmia 
_p«r/MKa Pers. and DC. as they occur in different types of 

soils at Jabalpur. Emph.asis has been laid only on the soil physical characters. 

SITUATION 

The city of .Jabalpur is situated at 23®3’M latitude, and 79'’57’ east longitude. 
It makes a rocky basin about 393‘5 meters above sea level, and is surrounded by 
gr.anitic hills which are not more than 488 meters from sea level. The highest 
point is reached near Sidh Baba temple in the north and is about 519'5 meters high. 
The city lies 6 miles north of the river Narmada. It has carved out high cliffs. 
The famous Marble Rocks on either banks of the river (about 12 miles from the 
town) have been exposed by this river only. 

GLLVtATE 

The climate of Jabalpur is salubrius. The rainfall ordinarily exceeds 1,332 
m.m. The monsoon months are June to early September when about 1,125 mm. of 
rainfall is obtained; July and August are the wettest months. The mean maximum 
temperature during the period is 32’7°G and the mean minimum is 23’7°G. This is 
followed by winters lasting for about 4 months when the days are cool and bright 
with moderate intensity of wind from the west. The rainfall during this, period 
seldmu exceeds tlO m.m. The, mean maximum and minimum temperatures are 27'5° 
and lt)’7°G, respectively. The month of March is a mild warm period of transition 
belwertt eold and the following hot season, The summer extends from April to the 
middle of Juiie, when the mean maximum temperature goes upto 38’5°C. However, 
an absolute maximum temperature of 46’6®0 may sometimes be experienced in the 
month of May, 

OEOLOGV 

Jabalpur is a centre of geological interest. It is renowried for its fossil Dinosaurs 
and it> addition one gets several outcrops of dilfercnt geological formations. For the 

f itment study we shall confine ourselves to the short discription of the different soil 
brining rocks found at Jabalpur. 

I Cau;ar*iovs Ci.ays of Bai>a Simla (Lambta Hill) ; 

’The lametas are confirmably overlain by the earliest lava flows of the deccan 
trap scries of volcanic erruption.s while it every where rests with a great uncomfor- 
mity over the rdder rocks, whether archcans or some member of gondwans, or the 
bagh beds (Wadiu, 1944), 

The group consists of mainly chert and siliceous limestones, earthy sandstones 
and clayi. The limestones are the most characteristic and persistent beds but are of 
ordinary sediniemary origin. The fine porous but earthy sandstone, usually 
brownish its colour, rssriks second in dominance. The clays are red or green and are 
very fretjurnily sssmly or marly, usutslly of local occurrence. All these beds pass 
into each otlser . There is, as a rule, a frequent change of character in the beds, 
both h«ri*t(iually and vertically (cf. Krishuan, 1956). 


2. .SANOnmNi!'* ; 

The sandstones belong to the Jabalpur series of upper Gondwana system^ and 
are cbielly soft and massive sandstones and white or yellow shales, with some lignite 
or coal seaiMi ai d in addition a few limestone bands (cf. Wadia, 1944). 
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Alluvium of Narmada Ravine^ s 

The river Narmada flows in a large basin covered by extensive pieistoccne and 
recent deposits; this is reddish brown or yellowish chxy or silt with numerous bands 
of sand and gravel or ‘kanker’ (calcareous concretions) intercalated. The lowest 
beds are conglomerates with intercalations of grey micaceous sand and pink silts. 

4. Deccan Trap (Basalt) : 

The geological formation owes its origin to tlie enormous lava flows towards 
the close of cretaceous. On weathering it glve.s rise to black ctHton .soil. 

5. Laterite : 

At Jabalpur, low-levcl laterite is found mostly as capping over the dcccan trap 
(basalt), the thickness of cappings vary. It is formed bnsitu' sub-actial decomposi- 
tion of basalt under w'arm, monsoonic climate. 

6. Majdan Mahal Granite : 

At Jabalpur the outcrop is distinguished by the occurrence t)f perfectly dolo- 
mitic limestones at “Marble Rocks” in tlic river Narmada gogc. Madan Mahal 
granite is composed of biotite-granitc. 


Soil Types s 

The various soils derived from the aforcdcscribcd (> geological formations can 
conveniently be classified into the following two types 

I— Residual soils— (i) calcareous clayey soil (») sandstone soil (in) basalt black 
cotton soil (iv) granite soil (») laterite soil, 

II — Transported soil— (ui) alluvial soil of Narmada ravines, 

methods Of- S’l UDV 

A. Root Systems : 

The root systems were studied in the soils situated on the dilfcrent geological 
formations already described. 

Competition elfects development of the roots hence only plants growing with 
less competition were selected. First a circular trench was dug round the plant with 
sufficient radius to avoid breaking of root.s. Next the sod from the side of the trench 
towards the plant was very carefully removed. Extreme care was taken so that the 
falling soil may not damage the delicate rootlets. The diameter (jf the roots usually 
helped in guessing the root length but sometimes it utterly failed. Still the main 
root and its branches were followed as far as pos.siblc. 

The roots together with the adhering soil were brought tr> the laboratory with 
every possible precaution. The roots were thf’H bx'sened in a bucket of water and 
finally washed with a jet of water. Lastly, the complete root sy.ste«« was spread on a 
graph paper, arranged as nearly as possible in the natural position in a vertical plane 
and traced with care to exact measurement, The drawing carefully ma<lc represents 
the root system even more fully and accuiately than a photograph (cf. Weaver, 1925). 

B. Soil Physical Characters : 

All the 6 types of soils, as described earlier, were examined by trench profile. 
Samples were collected from the top 5 cm., 30 cm,, CO cm., and 100 cm, depth. 
They were analysed for the following characters : 

(i) moisture content (rV) water holding capacity (in’) texture and (iv) pore 
space. 


( 340 1 



ttsual mnhods ub outlined by Piper (1947) were followed for these determi- 


nations. 


PRESENtATION OF DATA 


A. Soit PlIYSIOAt CatARAGTBRSOF THE TRENCH PROFILE : 

The soil physical characters of the respective profiles are presented 
and text figure 1. 


Tabie 1 


in table 1 


Soil Physical Characters of Different Trench Profiles at Jabalpur 


DATE ! August/Septcraber, 1957. 


Depth 

Soil type Sc of soil 

locality sample 

in cm. 

In gm. percentage of dry wt. 

Soil "“Field ' Sand & 

water capacity Porosity gravel Silt 

Olay 

Sand/ 

Clay 

CAUWtREOUS 

Clayey Soil 
(Foot of Bada 
Simla) 

5 

30 

(10 

100 

15T4 

11T4 

7-41 

3'31 

13-51 

17-37 

13-93 

12-04 

39-80 

15-49 

9-90 

4-10 

4-90 

30-11 

24-10 

17-90 

11-00 

54-40 

66-00 

79-00 

88*10 

0-285 

0-150 

0-052 

0-022 

Sandhtonk Son. 
(Behind 

Seirucc blnek) 

5 

30 

BO 

100 

<V53 

1(VB2 

13- 32 

14- 4B 

10-75 

l-f-85 

14-42 

14-95 

44-03 

22-03 

31-90 

28-90 

26-50 

42-00 

27- 10 

28- 10 
26-90 

35-96 

41*00 

43-00 

46-60 

0-613 

0-778 

0-672 

0-569 

AtxtiviAi. Son. 
(River Narmada 
ravines) 

5 

30 

m 

100 

20'')9 

18-55 

17-77 

11 -OB 

16-75 

15-27 

10-28 

H-BB 

3B-BI 

4-52 

4-40 

4-10 

2-90 

26-05 

22-50 

18-80 

22-50 

69-45 

73-10 

77-10 

76-60 

0-065 

0 060 
0-053 
0-038 

BAsAi.r Blaok 
S on. (Near local 
c.o.n.) 

5 

30 

1,10 

UH) 

533-33 

31-73 

31-B7 

34-05 

35 92 
3G-BI 

38 55 
34-95 

39-02 

B-21 

5- 40 
5-00 

6- 20 

25-73 

16-10 

15-30 

13-70 

66-06 

78- 50 

79- 70 

80- 10 

0-124 

0-069 

0-063 

0-077 

Latrrite Son. 
(Top of basalt 
hillocks ou way 
to acjotb'ome) 

(jitANtTH Son. 
(Foot of Ivtadiui 
Nlabal Hills) 

5 

30 

BO 

100 

26-2B 

21- 95 

22- 10 
23-61 

30-04 

27-32 

22-55 

19-47 

43-08 

9-73 

2G-50 

12-30 

21-00 

39-42 

22-50 

2T50 

18-00 

50- 85 

51- 00 
66-20 
66-10 

0-191 

0-519 

0-186 

0-318 

.5 

i 30 

60 

100 

3-74 

5-21 

16-82 

lG-55 

IB-OB 

12-74 

16-G2 

23-73 

43-58 

47-00 

50-20 

40-80 

39-10 

19-50 

18-30 

21*00 

18-80 

33-50 

31-50 

38-20 

42-10 

1-403 

T594 

1-069 

0-930 
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The following p<»ints are noteworthy 

respmivelya ^ » 38*55%, 
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(h) riif maximum of sanJ was recorded In granite soils lying 

in between 39*1 to 3l)'2. 

(«) The percfnlage of day was observed highest in calcareous days, being 
rvP4 to BlVi. The second higher was in basalt black soil and alluvial soil, 
being bb'Oti to ROM and (iD’dSto 7(i‘6, respectively. 

(d) The. maximum pore space was found in sandstone soils, being 54‘03%. 
The nest near figures were in gr.anite (43'38%) and laterite (43‘08%) soils, 

B. RtwT SvsfiM OF Teplmsk prpma i 

The plant belonging to the family Legnminosae, subTamily Papiliuaceae is a 
copiously branched, 8ub*erect, herbaceous wild annual to perennial; 30 to 60 cm. 
high bearing 5 or more tender branches (text fig. 2). It possesses a prominent tap 



‘lr%t Fit' 'irphml.i fmimm Pm., slunviti«? ii busby haloit. 

i.tHi, 2 OI :i tliuri thr Irngth of stnu. cxlrnsivdy branched; laterals long, stout and 
l.raiuhrtl. Thr ftdh<wii*H bthr dr^(!,l lpti<m of lUc root system as found m different 
^idl tvpr'i. l*he “uioir r. yivrti lu table d autl text hg, »b 


I. In tbvi.i'Aisroi S«.ii, vf.i-Avr.vy : 

lirtr thr itlaW a siiuU vt-i'tically pcnclnuing downwards narrowly 

surradmg .md seaurly ln.md,mgsl<m.b-r tap root system. The maximum depth of 
(tH 4 prnrtratioji hrir was ji-c.udfd to be Ifi'A cm. on 31st July, I'IS?. Ihe root 
knglh hrir ii 3 to 4 times the stem bright, The branching is ® 
oflatrials being a to fi'. Lutnals are slender and less branched. The blanching 
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starts just below tlio soil surface ami the first few laterals nm liorizontally to the 
extent of 10 to 12'5 cm. Next the laterals tttrn <lowim.vnls -after running a little 
distance obliquely. Lower down the laterals are scarce. 



TiKt Fig. 3 

I m I 



lAwt’viM ikni ■ 

In s nl slir slv»x»ril a 5 f!>< Widely spreading and profusely 

branrH»fl« ‘«t i<ip i ■*<->< . The iiiasimum depih nf root penetration was found to be 
tj«H rm. b*-*'-- Branrbnifj evrn at the soil surface. The branching is so 

vigorou* b**!r ibat IIS'- ju luiarv lap root tscliflicult to be identified among the 
jfi-rtndai V >>«oa, Ahj-i abool \% roi. the tap foot gets divided into two stout bran, 
chf*. I,ia''»ai» are abjuidaiiih bianrlird aiul moderately long; longest measuring 
iij-flirio, rbo* iHe i.wo in this ivpe of loilissmall with considerable lateral 


tMur 


K i |Ub>i» -1 p*srpm<i in Differem Soil Types 

\hir Aogorl Sep|s-nd‘er. 


No. 

H:|ir 

lr||.|S|H 

l.atrrai 

iprerd 

Riwi eoudilion 

Root 

branching 

I, 


n * i f 


1 cot 

iSlffidc^r & Mriiall 

Least 




i« -1 

11 .. 

HU'hU &. latig 

Less 

;t. 

a'*4i 

nM 1 

1 

■n 

Htuui k small 

Copious 

T 

|l;SSrtJt li % fl 

4 4* 

1 'k V* 

id .. 

& mull 

Less 



n .. 

'l 

■‘d 

Stfiiu & Itmg 

Copious 

K 



17- 

"n „ 

Hmuij vvfHHiy & Ifftig* 

Less 


3, »«'**•- " 

11, r pUni. Herr. am.mmi a tap root, growing vertically downwards wUh 
irrrvld rW al .prrad. The majtiouiitt Icngllofthe mamroot was 97-4 cm 
iTrlmSgwtll* Hi 3 an. from the junction of stem and 

I hr root. 

4. IU-.M/5 Siitt : 

In tin* soil ivitr the tap root was observed to be only 

sptcrtdmit atttl lei* tuimdif’d. It 5 to 8 cm. below 

tmmmmn Irnglli of »he main ti»l bemH Wf o 

tbr stid »»ii1at;r. extent before becoming oblique. 

In»nthr»i.,n s,.tnfwhaf hofis^otilal y to « ‘«“C ext^ T meral spread was 15 to 

1VI.,« in „„. 1,.,,., >t,..uU >1.' ™ii S w 11 1.>C«1 

IB CM. »nSrw.ivi, Ihnihete the root system >* »««“ 
sjwrad, 


S, In l-ArtKiffe Son. ! 

11 , r Ii».nt ami woody tap rwit, ^^*^®bl*i!f^oreTdTnK^and^moto branched, 
vrnitiilly ilowriward* to cm. ^*iV^**^ Branching starts even from the 
Fhr t«p l«rt at a diitaticc of 5 to 8 cm. Branching 
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Soil surface. 1 he lateral lirnnches are slrmln .md niucli hinnehrd themselves. Thev 
.spread almost honzontally esiending sideway.s upto 15 cm. Thus the root .systeni 
here is deep one with considerable lateral spread. ' 


6, In Granite Soil ; 


The stout tap root in this .soil wa.s observcil to be rxerptionally long, penetra- 
ting almost vertically dowmvard.s and niea.Huri«g I:15'b cm. 'rhV .system is less 
branched here The laterals when present are’ coiwidnaldy stont exienditiK to a 
maximum of 17 to 20 cm. and in turn are lr,s.s branched, liianching .starts frou'r 
about 6_cm. from the soil surface. After nmtdng a little di.smm'e the tap root 
rhvides into two, one growing vertically dmvnw.irds and tlie other rumdtUT obliauelv 
and extending upto about 20 cm. It luanehes in the way and then runs ’ dowiivvards 
parallel to the tap root. However, unforlunatelv it could not be iiaced bevond 
cm. Thus it examplifics a deep root .sy.stem with little lateral .spread. 

Thus Te^/twia/iHr/iirra .shows a small but copious branched root system iu 
alluvium, considerably long and branched in laterite and basalt and a long but less 
branched root system in granite, sandstone and calcareous soils. 


G. Root System or Acanthosprmum Mspidum 

The plant belonging to the family Gomposilac is 
has become widespread in a very short period of time, 
sub-erect, herbaceous wild annual going upto about ! 


small branched tap root .system. It shows 
systems in the different soils : (cf. table $) 


a new species i,» India and 
It is a .slender, branched, 
tneter (text fig. 4), It has a 


the following variations in the root 



lexl I’ig. •». Aei.nllmimmum lit;,, N.-ie ilj*- Ig, ..ii.umti-. tyj« ..1 itnoo hloH, 

1. Incalcahkops Sou, : 

Ibie the plant has a shalluw rniit system viilt cuitsiderald*' lateial .spread. 
Xhe tap loot measures only y'ti cm. here. Total number of laterals is only 2 doaens 
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in this habit. a. l.atnak air slcndi’t' am! ks.1 branched. Maximum number of 

l,iirral?4 iKiciir iirar llic siirfi'icc of line ioil. 



Text I-tfi, 5 . 


;i, Im Sakohwnk Si>»^ • 

1 n»u1 r'r»n«4ultM’ill)lv bfiDlXlcllCcl tOOt syStCHl llCfC# TllC 
^ 1lir ia;uil iaslG-Vcm. and going vertically; downwards, 

nraxiimnu i .!,«! less branched. Branching of the tap root starts just 

^,'u tIi'S. u.rn'l. «■= 0 l» 7 i» ‘>'"“ 0 ’' hor.zoM.lly 

and spreading to » maximum d ?•(> cm. 

■t. Iw At.U'VtAt. Soil. ; 


. vi-vtu-iillv downwards in this soil type. Inc 

in*r :.biuhi Lateral branches are very 

,„.iln MH.t no asuin. bbo rm. '‘J;.,Xly hm^^^ the longest being G -5 cm. 

.drmiri , I .u riy bi am hrd ^ " root system here is small with less 

Ur.uuluuR IS jU-'l the. Mul suilati . r im« 

ut bs.mchmg. 
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4. In Basalt Bl4ck Soil : 

Here the plant has a moderately long, slender and prominent tap root. 
Branching is less here. Length of the main root was 15 cm. Branching started 
within 2'5 cm, of the tap root spreading upto 5 cm. Laterals occur in more 
abundance in the 5, 7‘5 and 10 cm. of the tap root, The maximum lateral spread 
was found to be 9 cm. 

5, In LATERmi Soil : 

Here the tap root was found to be spreading and profusely branching. The 
main root measured 17 cm. It bifurcates at a distance of 9 cm. Number of lateral 
branches exceeds 3 dozen. They arc stouter, slightly branched and longer; 
maximum length being 9'5 cm. Branching starts just below the soil surface. The 
first 2'5 cm. of the tap root bears 7 to 8 slightly branched laterals. Laterals increase 
in the 5 and 7'5 cm. of the main root. Thus the root here is longest and branched 
with good spread. 

The root system could not be studied in granite soil. 

It is concluded that A. hispidum shows some dilfercnces in it’s root system in 
the dilFerent soil types. In calcareous soil, sandstone and latcrilc soils the root 
systems are more branched and small and in basalt and alluvial soils they arc longer 
and less branched. 

TAIlLIi 3 

Root System of AcanthSjptmum hUpidum in Dilfcrent Soil Types 


Date : Auguat/Septeinber, 1957 


No. 

Soil type 

Maximum 
root length 

Lateral root 
spread 

Root 

condition 

Root 

branching 

1. 

Calcareous soil 

9 ‘6 cm. 

7-5~10 0 cm. 

Slender & small 

Moderate 

2. 

Sandstone soil 

16 4 

10-0- I1’3 ,, 

Slender & long 

Moderate 

3. 

Alluvial soil 

14'5 „ 

5-0 -7'6 

Slender & small 

Less 

4. 

Basalt black soil 

15-0 „ 

7*5 » 9-0 „ 

Slender & small 

Less 

5. 

Laterite soil 

17-0 „ 

10*0 « 11-5 „ 

Stout & long 

Brofuse 


DISCUSSION 

hrwi 'w.Tter in relation to atnictwrc and growth of plants Misra 

1 that the development of root system depends upon 

® moisture present in the soil although in most eases it is governed by 
Y-Anra character. Muller (1940) has eoncluded that the facility tvith which 

largely be clFectcd by the extent of useable soil 
T same time root distribution may get modified in light of thi.s 
♦Tip t,vv/ * ^rv bearing on such conclusion has already been tlescribcd in 

, i he various soil physical cliaractcrs whicli appear to lie responsible or 
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whkh piTf Pt thp growth and distribution of roots of the two plants under study shall 
be discussed here, 

Tfphmm purpufM ; As per table 2 the maximum length of the main 
t ool recorded is in the granite soil, being 135‘6 cm. The minimum length was 
observed in alluvial .soil at Narmada Ravines. In granite soil the moisture is kept 
low and increases with increasing depth. Sand/Glay fraction of the soil is highest, 
being from O’D to 1*59. It appears that due to the easy facilities offered to the roots 
iierc they tend to go down in search of water. On the other hand Sand/Glay frac- 
tion in alluvium is low, being 0 03 to 0*06 : water content is moderately high in 
llicsc .soils. Roots are not long here but branching is copious even just below the 
soil surlitce, Further, porosity of soil also appears to have a direct bearing on root 
length. In general roots are longer with higher porosity. 

It appears from the above study that Ttphmia purpur ea has long root system in 
sandy soils with less moisture and high porosity. In high moisture level it tends to 
branch copiously near the surface of soil. Thus low moisture, high porosity and 
high Sand/Glay fraction appear to favour root length. The reverse appears to 
facilitate copious branching and shallow roots, 

Acanthospemum htspidum : The length of main root of this plant has 
been recorded to lie longest in latcrite and sandstone soils (tables 1 and 2). Sand/ 
Clay fraction in these soils is not much but porosity works out to 43'08 and 44-03%, 
re.specuvely. It is less developed in calyey soils. In higher soil moisture (in basalt 
iilack soil) the. root .system is only medium. 

It appears from the foregoing study that Sand/Glay fraction, porosity and soil 
moisture arc the most important lactors in determining the root development. 


SUMMARY 

The. oresent investigation was unde,rtaken to study the root development of 
two abundantly growing plants, Tephmia pumna ?evs. and Acantkospemum hspidum 
1)0 ixn ciFccted by cUiletcnt soil physical conditions, viz., soil moisture, fael 
Siaeity, texture and porosity. Root systems were studied m the soils derived from 
li geological iormaiions of Jabalpur. Soil physical characters have been 
correhued with the root structure. It has been observed that 

Ttfihmia purpurea has a long root system in sandy soils with less moisture and 
high porositv. lii high moisture level it tends to branch copiously near the sod 

iurfhec. 

AcmlhmpMmm kUpidum has long roots where the porosity of the soil is high. 
It i.s Im developed in clayey soils, and is copiously branched in moist soils. 

The study further shows that Sand/clay fraction, porosity and soil moisture are 
the most hniHH tam racior.s in determining the root development. 
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OSSIFICATION OF THE SKULL AND JAW ARTICULATION 
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INTRODUCTION 

Ophicephalm fmnclaim belongs to the family Ophicephalidae and Order 
It is a fresh water fish abundant in stagnant shallow 
wairvs throtiglmni India. The fish is predatory and possesses an accessory respiratory 
organ. *rhe tlevelopment and morphology of the chondrocranium (Swarup 1954, 
11165) aiul ilm morpliobigy of the skull (Swarup 1956> 1957) of this fish have already 
beetuleKeribed. T'he present paper deals with the ossification of the bones of the 
skull and gives an account of the articulation of the jaws, 

material and lECHNKiUE 

loir the puipose of present study, the eggs of 0. punctatiis were collected from 
Sugar 16 ike and the young cines reared in the laboratory* Embryos in various stages 
nf iievflopmem were also olitained from the Sagar Lake. Some of the stages were 
leiially cut aiul stained with Mallory's Triple Stain while others were stained with 
Ali//arine Rofl us reconimendetl by Gray (1929) and whole mounts of these were 
inude, Souv^ *ituges Were stu itecl by the wax plate reconstruction method according 
lo ihr" nirihod descrihr’d by the author (1955)* 


OBSHRVAITONS 

M\V‘t iif Itinws arc distinguished, the cartilage bones as ossifications 

ifrvrloprd solrly briirntii the petielnmdrium and the dermal bones as ossifications 
iirveloped MiilMy viuuiide the perichondrium. As a general rule the two kinds of 
lutncoi reinuiii separate in the adults but in some cases the two elements may fuse 

If* fiii'iii single lioncH. 
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CarUlagf Inmat ; 

1 he cartilage bones, nincc they are preformed in already existing cartilage 
present no problem as regards their tlevelopmcnt. A summary of the cartUage 
bones formed is given below (Figs. 1, 2, G and 7). 



I A and IB: Ophiaphalm pimclMut, 

I A. Left side of the was uukIcI ree.mstru.uion of 7'3 mm stuge eiiotKlroersniom io dorsal view ; 

eupsule ; n>.-r.hmoi,l plate: r.f.^feeial foramen ; h. r.,-.hyp«phy j,, 
(Ma; m,s.-mternasal sejanm ; j.f. -.jugular foratnen ; 1. e, . lateral oJnnbsL : 
n c. -.t)Maltmpsi*k{ pn, epostofhital pmews of an litory eapinfo: t. e.mt. . trate ula 
eommums j t. m.aorh.tal eattilage • t. a ateemtii syi«nie«m ; t. t.aaieetmii transeversunt. 

IB. Right side of the HktiU of an adult Ihh ; ep, m, -eeplotle ; m.-semripUat ; ff.'ssfomtal ; 
lu,.*, aaymal , wasc, : np. pm, 

preroaxdla ; p. ob.srpoit-orhital j p. t.-^posttempwal j pt. ot. "pteroiie ; *, oh ssuhorbital; 
s. oe.™ Hipraoecipiml ; sph. ot.sssphenolic ; tafonsiahulttr. 
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A. M«nrt>cranittai : 

CJhtmdroirmmm 

1. Etijnmwid 

2 , Auditory Rcgkm 


3. Occipital Region 

B. Splanchnocranium : 

Chondmranium 

•1, M:u)dil>ul:«' Arch 

(i) i’tcrygo({vuidratc cartilage 

(ii) Meckel’s cartilage 

5. Hyoid Arch 

(i) Hyosyinpkctic 

(ii) Hypohyal and Ceratohyal 

(iii) Intcrhyal 


Cartiisge horns 
Meselhmoid (single) 

Ectethmoid (paired) 

Sphenotic (paired) 

Pterotic (paired) 

Epiotic (paired) 

Prootic (paired) 

Supraoccipital (single) 
Exoccipital (paired) 

Basioccipital (single) 

Cartilage bones 

Metaptcrygoid (paired) 
Q,uadratc (paired) 

Articular (paired) 

Angular (paired) 

Plyomandibular (paired) 
Symplectic (paired) 

Ccratohyal and Epihyal (paired) 
Interhyal (paired) 


15, Branchial Arches 

Each of the first, second, third 

Mtl fiHitlli ilfcit coiisilts of 
liypii***^* phatyogo** 

branchial®. *l*he filth arch _ consists 
only of the paired eeratohranchrals. 


Each of the first, second and third 
arch consists of paired hypo — , ccrato — , 
and pharyngobranchials while 
the fourth arch consists of paired cera- 
cpi— , and pharyngobranchials. 
The fifth arch consists only of the paired 
ceratobrancbials. 


7 . Copula 

Consist of a 
basihrancliial- 


basihyal and a Consists of a basihyal and three 

basibranchials. 
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in the l\niuatiuii of tlic ci\nila*.;e !>onrJ^ live follinving arc iilt"a*eHtuig : 

I. The 5iphcnotu% pterotu% ^ttpr.v^accipiiaU inrl.apt(ni%c-ii*l, articular aui 
atifpilar bune^ have double origiru 1lvry are formed in the c.trtilnge 
anci then dermal boucH oveal.ip them and iinally the two bancs become 
fused (bigs, 1, \ ib atvd 7)* 



Figs. 2 A and 2B : Opkkephdni! pmMm, 

2A. Left sitlt: of the hytful attd tiranehi4! irattdagei id* a 'Lfi ntin i hiMralnvjavmiuia ; h, hr. e. 
:'*rbasibraiH'ljlal ; Ik hy. e. ■■d.Koihyal ; c. hr. e. ''""feraioiaiuadnal ; » . Iiy, rK'""*'rrratoltyal ; 
e. hr. c. ""C|nhnuu-hul; hy.hr* ■•‘dty|Hd>ra«rhiaI ; liy. h* r, r^Tdiyiiuiiyal ; pin l>r. c*:;r 
pbaryngohr^induiU ; 

2B. Right side af the hytnd aud l^raia;‘hi4l ir^ari of ihr adall. 

2. The cpibranchiiil bone of tho first nroh on c,»r.h »»»k k in the f'tnn of 
a large, tliiu llattened bone whose «lor'«rtl snrfaer is hollowetl (»ut to 
form a large shallow amcavity whieU forms the b.He of the suprubran- 
chial cavity (Fig. 2) 

3. The pharyngohrancVilals of the third an l fonrtb urehes on eaeli side 
are closely attached to one another to form a thii k ov.tl bone known 
as tire superior pbaryageais whose ventral surface show a joturded area 
covered with immerous small conical teeth (Fig. 2) 

4. The ccratobranchials of the fifih arcli are in the jin in i>f a pair of large 
thick tiiangular bones known as tlie inferior pharyngrals whose dorsal 
surface is covered with numerous sharp conical teeth (Fig, 2) 
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Ihrmd Ihiws : 

The dermal bones which appear round the neuromasts of the lateral lines 
may develop independently or may join with the neighbouring rudiments to form 
adult bones, Insplte of the modifications of the dermal bones in the adult, the pro- 
cess of ossification has been employed as a very reliable source for the identification 
and compatision of individual bones and the successful tracing out of homologies. 

The nomenclature employed by various authors to certain dermal bones is 
very variable and sometimes confusion arises if their proper homologies are nc^ 
understood. In the present account the author has followed the terminology used 
by Goodrich (1930) and Gregory (1951). 


L EtbttioM Eegioin 

The maxillae and prem axillae appear as paired bones in the upper jaw of a 
3 mm stage of the fish (Fig. 3), They are simple rods lying parallel to each other 
transversely one behind the other. There are no teeth visible on the premaxillae 
at this stage and both premaxillae and maxillae appear very similar to each other* 
However, at 5 nuo staKC (Fig. 4) teeth appear m the amcnor pair of rods on their 
miter man'ins. These arc the premaxillae which gradually assume their characte- 
ristie ciirveil sabre shape. Proxlmally each premaxilla articulates with the 
niescthuioul while ciktally it is free. The posterior pair of rods, the maxillae 
rrniaiu without teeth throughout and develop m the form of slender elongated bony 
rods which articulate proximally with the premaxillae and distally with the lowei 
jaw. 





lluu'i’titn diowitiH tlu* the 

hr*, Hi in 3 nnn Ophimalrn 

puHiliilm nflrr iih’/arine? i>rcinttanon ; 
imv, iiriiiultir ; Jtrt articular ; 
cl '■"'rleiitiirv : hmd "shyon auclibular ; 
n, ncurumist ; q* - .quadrate , 
iiyiii*«ri4)mplectic ; rest as in ng. In. 


rig. 4. Diagram showing the bones of the head 
in 5 mm stage Ophmphalm' punctatus alter 
al izarine preparatio n: pars. = parasphenoicl ; 
vo.*r:vomer ; rest as in fig. 3. 
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Tlhe paired nasals and hicrymali arc scni at 15 mm stage (Hg. 6 a)._ Each 
nasal arises from a single centre of ossification and at an early stage shows its two 
limbs curved in opposite directions. One limb of the hone lies over the olfactory 
organ while the other beneath the lateral line, canal. When fully formed each nasal 


fm 



Fig. 5. Diagram of the. skull bones of ft mm stage Olihk«(>hiilm pmMm after altratine iweparation : 

ar. - arcualia : by. s. “hyosympkclie ; in. hy.--- imrrhjal ; m, e. -Merkel's cartilage; 
n..sh,s:notocharrlalshratlv ; ptp.espicrygonudfate ; rest ns in tigs I am! :t. 


is in the form of a trhmgular bone and shows a small opesting tti its juiteritn* part 
through which the lateral line canal opens to the outside. Lact ymals are simple 
elongated bones and form the anteriorunost piece ttf the orlutal serifs of bones 
(Figs, 111 and 7). 

2. Orbital Region 

At 30 mm stage five orbital bones including the lacrymal are seen round each 
eye (Fig. 7). The.sc are, one lacrymal, one antorbital, two suborSdtals, and one 
postorbital. Since in the adult the antorbitals arc absent (Fig. Ill), it is assttmed 
that they fuse with the lacrymals of their tides. The orbital inmes which form the 
lower margin of the orbit extend from the nasal to the frontal and are traversed by 
the lateral line canal. 


3. Temporal Region 

There arc four bones on each side of the adult skull in the temporal region. 
The relation of these four bones to the lateral line (Fig. 7) ituiicates their homologies. 
The posterior-most arises in relation with the pectoral girdle ami hence can be 
easily termed as post-temporal. If this bone ii pi»l>te»nporal then it would 
formulate the others as tabular, pterotic and sphenotic from behind anteriorwards. 
The pterotic and the sphenotic bones are of dtuible tnlgiu and at 15 mm stage 
(Fig. d Cjd) they are seen to arise in cartilage as cartilage bones as well as round the 
lateral line as dcrinal bones. The two eleuieuts, the c.iridttge hone and the dermal 
bone, later fuse to form mixed bones. I he sphenotia and pterotics are elongated 
flat bones and possess longitudinal m iiculating grooves on their ventral .side for 
hyomandibular bone. ^ The talndar and post'lemporal are entirely dermal in origin. 
Both these bones arc pierced by forainena, the former in the middle -while the latter 
at the posterior end through which the lateral line opens to the outside. 
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4 . Region ^ 

At 3 vtnn stiiwr «nr pair nf uptironmsts are seen on either side, one behind the 
(hill I) Ihrsr nrnromasls become the centre of activity and trom them 
mdlatinfmnvvtii linr.i of hour arc seen to emerge out. The anterior pair of 
neurmrults fou.ts the fioutals while the, posterior pair ^ 5 ’ ^ 

ir> mm wage the iVomals and panrtalsiirc seen as rudiments ot 

aI !W> mm stage each fromalis seen to arise by two ossdica tion Fig. 7 ) Th^ 

tUr ftniitiil whirh luul hrn dorSsnlly to the orbit is the htst to oe 

iorim'd ami tuay reprrsent snprimibital. The posterior part of the frontal appears 



CD 

s 


CD 

pti 


^lateral line caxml ; pah" 


I. J«. tl Transverse seettonj of a 1. 1.- 

,«k,5nc; miastnlw. h p, -metaptcrygoid procees ; rest 

throtiKh tlm eye region ; lir. -hram , e.- .y i 

ar !« It«s. I anti 4. ■ r T facial nerve ; hv. -head vein ; 

ihrangh the nwlltory regkn t » • llga, 1, 4 and 5. 

11*. ¥5! (iiMurle } pf’ ’ ■ t ,.!,. -el, jita,!. ef br. 'efferent bnandi al artery^; 

■'■ 0 w m I. 8 .- 1. 2 •»> - 

very Late and fuses with the anterior the entire dorsal 

elongated and ttmmnlm bone frontal a lateral 

.„,tt«r.h..kull. T'>T«\?.hl?.T“oP..r V tV l«c, are formed behmd the 

^0 the nasal. The parietal* wi^‘ch also appear 
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frontals and arc comparatively small, quadrangular luMirs covering the posterior 
part of the, orbitotemporal region. I'he t\vt> patirtnis are widely separated be caiise 
of the development of a cartilage bone in between the two patietak (I’igs. 1 and G dl 
This is the pipraoccipital bone. At liU mm stage n demud hone is laid in between 
tile two pai iclids and in front of the suprai'ceipital with which it fuses. Thus 
supraoccipital is formed as a mixed bone. The dermal ptui of the supraoecinit I'l 
is quite smooth Imt its part of the cartilage Irone whic,h lies poster oventrally shows 
three cup-like areas articulating posterioi ly with the exoccipitals. All these hones 
the paired frontals, parieials and the median supraoccipital, sink tluvvn below the 
level of the surface and became intimately connected with the chondrocraniuni. 

5. Palate 

Vomer arises as a median bone at fr mm stage and lies just behind the maxillae 
(Idg. 4). It arises from a single centre of ossification and is devoid of teeth when 
first appears. Teeth appear later on its ventral side (Fig. (> a). The vomer consists 
of a thick ^ and broad anterior end and a thin posterity elongated process. 
ParasphenoW also arises as a median bone behind the vomer at 5 mm stage (Fig. 4)! 
In the beginning it is just like a thin rod-like structure far removed from the vomer 
but later it develops wings and extends far forwards and comc.s to He donsal to the 
vomer. Posteriorly the parasphenoid lies closely attached to the hasioccipital. 
Palatines are visible at 15 mm stage (Fig. 6 a) as small flat triangular bones lying 
on either side of the vomer. Ectopterygoid.s, eu ioptcrygoiils and metapterygoids 
which were not visible at 8 m_m stage are seen fully formed at 30 mm .stage. That 
part of the metapterygoid which is in contact with the quadrate, symplectie, and 
hyoraandibular originates as a cartilage bone and this later fuses vvith a dermal 

piece developing dorsal to it. 


Idff. 7. 



aK ^ :kl montage (Mki<h„lm Met sli.mi.ie prviwrali.m ; 

an. j e«. ,h. sremmuRryg.ml j pt.arn loptrrvgma ; mi. 0,,.-: 'i iteo 


pr. t>p.™.ptcoptiicle ; s, ep.sasuh.ipefck : rest os in iig», l, 5 o„a t;. 


6. Lower Jaw 

end of^tht^MeSk cartTkve region of the extreme anterior 

along the whole of the lower jaw and taka dicThap? of Kong cfirved bpim'^SiS 
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numfrous^lreth on \u upper surface. E \ch dentary is traversed by a lateral line 
canal. The articular .uul angular which originate as cartilage bones become 
covered over later liy dermal bones of the same name (Fig. 3), Each articular is in 
the. form of a tt iangular bone, the, auiciii r apex of which is forked in which the 
posterior end of the dentaiy lits in. Angular is a small hone posterior to the 
artii ular with which it fuses later on, 

7. Other Dermal Bones 

Other dermal l>o»es which develop in the skull are the bones of the paired 
opercular series and the rnediijn uiohyal. Opercular is the largest and most 
prominent bone of the series arrd is seen to appear at 3 ram stage (Fig. 3). It is a 
thin flattened bone and along its airlero-dot sal corner shows a facet for articulation 
with the hyomandilndar. I'he other bones of the scries, the preopercular, suboper- 
cular, and the mtcropercular aii.se much later (Fig. 7). The preopercular is a 
crescentic bone lying in association with the hyomandibular, symplectic and the 
quadrate, it is traversed by a lateral line canal which is continued infront in the 
lower uw. Thesubopercular and interopercular arc broad flattened bones lying 
ventral to the opeicuiar and preopercular. 

The uvohyal appears at 30 nmr stage and is in the. form of a small membranous 
aiul Liter, dly eomprr.sscd hone situated in the iriid-vcntral line below the basihyal 
and in brtween the two Ceraiohyals. 


J<su' uftmlttlim : 

At !i'’2 tmn stage the jaws are forrrred by the pterygoquadratc and the 
Meekers csutUagcs. The articulation of the. jaw.s with the chondrocranium 
is provided at two places, iir the region of the auditory capsules by hyosymplectic 
m d itr the region of the ethmoid plate by pterygoquadrate. This type of jaw 
suspension has been called the met hyoslylic type. At about 8 mm stage ossifica- 
lion sets in die hyosymplectic cartilage at two centres giving rise to the hyomandi- 
Imhu Intne and the symplectic bone (Fig. 5) , At the same stage ossification is seen 
lo set in the pUuyguquadrate at one centre forming the quadrate bone. Since the 
dermal jaws make dieir appear ance by this time, the quadrate bone now articulates 
the dermal lower jaw t. «. articular and dentary, with the hyomandibular bone 
through the syrnpU'ciic. The hyomandibular bone in its turr is suspended with the 
uuilitor V eap.Hule which is still unossified at this stage. Wlien the metapterygoid bone 
has made Its appearance, it establishes its conirection with the skull infront of the 
palatine uei vc. Thus the skull comes to possess two jaw articulations, one through 
the hyomaiidihular ami the other through the metapterygoid. This is the amphi- 
.Hiylie tvpr of jaw arliculation. 

IflSCU.SSION 


The eomensiun of Moy-Thomas (1834) that in teeth bearing bones, the teeth 
appeal lii 81 arid that the horie is formed by fusion of the individual teeth is not 
tamhrmed. The prrmuxiUae, vomer and the palatines when they first appear 
hi O. jmmtuiui aie without teeth. 


Tlte nasals in 0. pumlaUn arise from a single centre of ossification. In Poly- 
Mmtst there are ihiee cmires of ossification which remain separate and form three 
iames. im-sal. atinasal and lerminalc (Goodrich 1909). ^ In /Imia also there are three 
centies of ossification Vmt later they fuse to form a single unit called nasal (Good- 
ikh I9ii9) . fiince the nasal of .dmii and 0. pmclaim occupy similar positions they 
may be consttleied homologous structures. 
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There k seme tiispttte m rei^nrtln tlm tememtlitiire nf the heitra of the tern* 
pnrul region in diilernit lishes^ hollowing (h'egoty in ihe^ hnlaconisocnds 

there nre u pair of fumes called rostra Keapulars lying liavrrHrdy fieliind rrich parie* 
tal aiul they he;u‘ a transveiKc cu^uni^^ur(' nl the lan'tal linr. I'ln' tnedial extra- 
scapular is suinetinres called as post '-par ir la I while the lalrial exita%<e,,iptdar is 
kiuwvu as lalmlar. The tabular in Ch acitially ea:ciipirs a jatrrul prmitbu 

Irehind the parietal and is also tiavetsrd Ity a Uansvnsr hiaiirh of the lateral line. 
Tile other tAVi> hones supia^teinpoi al and port fomud have aln» hern given other 
naincH in tliilVn-eni fishes. As a ntaltev tg fact these lu ties tnive donhle origin 
Tht 7 are formed in the cartilage and then tlrrnial hones ovril^ip them atnd finally 
the twt> hones become fnseil. The cartilage hones m toiinrci liave hern called by 
dc Beer tTJ37) as pierotic (auu^pterotic) and sphrnotic (aiitosjdieimtic) and their 
counterparts in derinal bones ate called tar supuntnnpmal (dfrmopterutic) and 
post-frmual (derniosphenotic }. 

As regards frontals Kindred (IfHO) has also fouint two ernlies of ossification 
in Ammrus and therefore a case similar to C). /m/iclaliiw 

Vomer arises from a siitdr centre of osdiir iii m in I'h piimiutMS, Gaupp 
{1905) III Salmo and Bamfonl in ikM^klhfs have sli-nvn paired origin 

vomer. 

As is well known Ihixley (lh?ti) subdivided the types of iiuspension of the 
jaws intsi three eatt‘g*nies vh, amidustyUi‘t liyiVJiyhe and aittosiytic. The diissh 
fieation has been revised hy (tiegory ( lhU4) who «ii?»iiiiHUishrs six types and later 
liy de Beer (lhh7) who tiistinguishrs nine types, In ihrsr etaredlieatioiis only the 
primitive jaws i, e, the pterygtuiu airate and iMeekehs eaililage, the hyinnimilihular 
eanilaite and their direct tlerivatiyrs are involved, Extpision of" meaning to im 
dude tile nature of the dermal Jaws has Iweri tlie dfirf eonilieimg fuctor* In 
umosivlic jaw suspension where the liyomandilntlar is rediirnh tt*e jnrrogm'juadrate 
articulates with the skull by its <Hvn prota-sses which to a maxinnnu can be an 
otic piMcess, a liasal process, a pivutess aHceiis'lens ami an nlinuepalatinc proceSSi 
all of wliich are never present at a lime, In the primittvr ^IVlnfStoniei where 
hyruiiandibular is well devehrped tim pierygo^piadraie alsfi artiimlaici with the 
ctanium by a basal proca'rsH, winch lies inhont ul ilm p.ilaiiiie firandi of the fa, dal 
nerve. This lias been refin'r^ul to as the am|ihisiyUc typi" nf jaw aniculaiiorn It 
was present in Urosstnaerygii, G :.etaeaiu,hini, puinitlve Chondoeiod and Amioidei 
(Gocalrich Ihlifl). Annmg the living forms if exists in Ar/v'A'atrwr as described by 
Aurnonier (l!l41). In Teleostei tlie basal |>roeess is rreognisrd by Swinnn'ion {1907} 
and Allis (IIH)I) anu is considered ir> be rejn'esriUfol by the inrntpterygohi process. 
In 0. .druilrcv IJhinnrehar {1959} tleseuiieH the nirtapiri vgoiti pftieess aiticulating 
with Uie fiomal hut dtms not refm* about the anijilristylii". type of Jaw artieailaiion 
in this fish. Symhranchus ami possess a mriapterygoid jnoerss which arti*^ 

eulates with llie side wall of the skull apart fban ihr hyomamiitndar .ailieulation 
and these types have been relrrrrd by H-'-rH ainpimifylic mtieuialiorw* 


Mwniaiiy 

C,)ssifieaf ton of thr skull lutnes of G, is i,|r?ieitlief| ami an account 

has been givyu r*f the bnues lu .irbui^at 0 * jaw anitadaiioii, loir the study of 
ossifipiiion five sfai^rs 5 umn 5 mm, II mtOj 15 uim and h’l mm were selecteth 
Spedid pc,rmts of intrre,f,taie as fMlhnva 

1, Denuny and f»|.'uacutar iwsilicatioiiN ate ilir tiisi lo a|ipr;tr« 

2. Prrinaxilhn,% voiner and palaltnrs when iticy lm,4 appear arc without 
teeth winch appear much later. 
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l.iu iymal ..fthr iuluk is licryinal plus ihr- anioibital uf the embryo. 

4* A f/ibiiltr i:; prc^nit, 

5* Vi^iiirr arisrs !>v a wangle us^Hiricatiou* 

I'K Frimtal ol'llif ailnliauHrs hy two ossilicalitaisS stiprao a bital and fron- 
tal wliicli hrrotiir inihsrunniily (nml, 

}\ Ffrrniir, n|ibria»iii% ^uptii'-'orcipitaU luclMpUiygokb articular and angular 
arc* foriiird Irmii tiu" liraon mI" Uuth tlir caitUago and ilu’ ciennal elements. 

II. A iirohyal h lU'rvni . 

9 ., Tlw^ Jaw? ariienlaiton in the finlnyn is of tbe mcthyosiylic type but in the 
luitill ttifiapirrygotd hone idmi lutieulatrs with the skull and thus an amphistylic 
type of jiiw k forinr.ch 
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STUDIES IN THE HYDROPHYTES OF GORAKHPUR : 
OBSERVATIONS ON THE ANATOMICO-PHYSIOLOGICAL 
CHARACTERS OF JUSSIEU A REPENS. LINN. 

/(y 

I>. N. SHN 

Departmmt of liotanjt Aniirfsi’'ii ilmkhpur, 

[Rrfcivcti mi 2nti Jitnr, 

INlROniKJriON 

The study of physiologicil anatomy is importani lirouwc it throws light on 
the function of different tissues as modifinl by environmental conditions. In this 
connection it may be mentioned that Moss it iKlfi) found in itte case of the common 
“fire wood” Epilobiam angustifolium (Onagrace sir), "that intrrxylaiy periderm 
affords the plant exceUent protection ag,un.st desicc.ition, pathogenic organisms 
and possibly other deleterious effects associated with the dying down of annual 
shoots, and conseriuently make for continuance anil for rllicient functioning of 
perennating structures”. 


•IHH AN1> I i.s t 


Onagraceac to which /t4M>VK« belongi has been designated as an atpia* 
tic family, consisting^ of a few genera, 'fwo , species of finmiia are found at 
Gorakhpur as aquatic or marshy plants, vi*., /. r^ptm mid /. mjiruiiami, the former 
being more common than the latter. 


_ lattnatk and I’atnaik (19.%) httve classified J, repm as a floating plant. It 
IS a herb with creeping or flo.iting stem, depending on environmental conditions, 
which determine its morphological and physiological chatacirrs. For example 
the stem when floating or in a swampy habitat, develop,«i spongy breathing vesicles 
from below the insertions of leaves, (Fig. I), otherwise these sti nctures arc com- 
pletely imssmg from the plant. It also grows very well as a land plant, (Fig. 2). 

_ A comprative statement of morphological changes brought about by varia- 
ations in environmental conditions is given below : 


Plants Jloaiing on water 

1. Plants show white spongy vesicles, 
the breathing roots, from below the 
insertion of the leaves. 

2. Stems are smooth ivithout any tri« 
chomaf ^wth. 

3. Internodes are. longer and tlie 
stem thicker and softer. 

4. Leaves are larger anti insenetl 
at longer intervals. 


5. Long thin fibrous routs develop 
below each node. 


Plants grtmmg on land 

i . No trace of such vesicles. 


2. Stems and leaves show a profuse 
devehrpment of uniseiiatc trichomes. 
’fhe stem grows like a runner. 

3. Imernodes, me shorter, stem 
iliimier and fiat tier, 

4. Leaves jue .Hin.iHer _ and many 
.seem to lie eoming out fiom a place 
due to shorlrning of inteuiode*. 

No such rooi.'S can lie cjb.scrvcd. 
They are somewhat sj*ongy. 
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From the cumparutive slutciuciil given ahuve it may lie infered that the 
moiplmlogical make up of the pUiiit is iruvdiiicd to a very large extent breause 
of changes in the habitat and hence it is likely that the idiysiologv of the tis'sne-i 
may be somewhat modified. ‘ 


MATbRIAl.AXl) MKIIHH) 

Hy»eaA' was collected first of all by the author in January, h)57. with 
breathing roots from the swamps ofa rice fmtd near RamCiai h Tal (Gorakhpur) 
and agaiii in February, 1957 from Niu'hi T.d (Gmakhpur) where the plants were 
found growing in the two diverse habitats vi/.., water ajjd land. It was also collect- 
ed from Asuran Pokhra (Goraklrijur) in April, 1957, when it was both in ilowering 
and fruiting stages. Both aquatic aud land form* were collected and lixed in 
Formaline- Acetic-Alcohol. The amttomical studies fi>r this paper arc based 
mostly on the free hand sectioning to facilitate the comparative study of the two 
forms without much delay. Microtmne preperations do not give satisfactory results 
for hydrophytic plants and take much longer lime. 

UKSURIl'llDN 

1, Epidsmis. It consists of a single layer of thin walled convex cells, with* 
out any cuticle in aquatic forim. Fewei' stomata and hairs are present in aquatic 
forms, but both these increase in land forms, llaiis are tmiseriatr. Ghloroplast 
and starch grains arc seen in epidermis. (Fig. II). Stomata do not resemble 
cruciferous type but are mostly surrrnmded by four subsitiiary cells, (Figs. tbS). 



I'lg. .1. I art (tl (he 1 , .S. of iimt el ihe lleHttfijt I'am, ’iliMWieu il,r rjielrtini'. vmjU t hkiiojilasis hi»I Ki.tul, 
gittHW, the <x«lknehyiitHtiHii imtri ceiirx, mtu i(*r «rir,ii lotiiatMUn iiitiw iwira, with 

2* I'hc; tmim* ctntrx iif 2*3 lityrii feebly clevrlupcHl 

colknchymii in partitmH wlucli ^ira jtiubi'iicrgetb unci iiiiitr ilrvrlt.iprd in partinns 
outsme water, It: possesses laith chlornplait and, stsircb grains. Tin* inner part 
of the cortex is irmae up of acrenchyma, with large aii-spaerji, *riie cells here have 
starch grams, which arc smaUcr in si:^!;c a,nd les.^ piieketl i,i|i iliiin tlnme of pitlt 
and xylem elements, Rupludcs arc abimdanl in this regiiin, (Fig. 3}# which arc 
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n >t ace.>mpvnieii by- crystals (Mstcalfe and Chalk, 1950), The innermnst 

part of the cortex coMists of 1-2 layers of parenchyma abutting against the endo- 
dermis atid posscsing more starch grains than outer cells. 

The endmiermis is distinct as a wavy layer ; cells contain comparatively less 
starch grains, (Fig. 4), 

5. Pmeyclf . The nature of the ‘pericyclc’ and pericyclc fibres are contro- 
versial, (Eaines and MacDaniels, 19t7, Metcalfe and Chalk, 1950, Esau, 1955). 
So the term pericyclc here used is adopted more for ite positional rather than the 
imalotnical value. The cells below endodermis consist of isolated fibre cells 
in group.s of 2-4 ; and such cells even occur singly. Thus there are radially alter- 
nating stones of thin walled parenchyma cells and thick walled sclerenchyma fibres, 
(Fig. 4). 


4 



l i,t. 4 . Ibi t <4 fitP T. S. c)!' stem, slimvintj the wulodonnis with few starch gr^ns, the 


4. ('ork. Tlip cork cambium arises beW the pencyde ® 

phbmin in early stages to give rise to cork. Cambium cells just to g 
em me very tlistinct ami arc thin walled and rectangular in shap 

lliiii wullrtl iiiiti I'uoTi* or Icufi circul«iT in outline;, (I'lK* ^7* 

5, Vmmkr S^stm. Phloem, caitiblutn and xylem elements form continuous 
rylimlets. Xylem is traveised by mirrow rays. 


;Xor...Vd,7arc ai.tinc.ly .i=» be 
and tatrmal phlortu, (fig. 5). Additional pMocra groups most y 


lutmtal pWorm 

arranged in two 
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Hf* r>. Pireiidiymataui edit fuU al'iimt'li gritif4 '^klw of ili^ iniPiihil |4iliieiu, X 


isolttcid patches which fw^c lo form otif» are v*rtv 

mmtl pan oi ttre pkh, (Fig, (5), 


ftrioniiirnt Itx the 





6, A portion off, eatml purl of the phh^ ihowini itifhhon'iil |ihltif{n |ro4}|i in on bolnel 
patcli X i5Ch 


Xylfm IS very abnormal in the sense tlnvt it has very Hew veisels in comparison 
^ylnni elements^ and are laden np with large itiircli griiin^ (Fig, ?)• Xylem 
weras to nave lost Its normal function in this plaint Secmichiry growth is nmmah 
Kays also occur in the region of secondary xylcni* 
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J i«. 7, A xyl(*ni showing one half and two complete vessels and odier elements which are 

laden «p with starch graiM. A few parenchymatous cells having starch grains can also be 
seen towards the centre. X 32t). 


(u PUh, It consists of thin walled parenchymatous cells, which contain 
copitnis supply of starch grains. Starch grains increase in size and number per 
piireucltyjuatous cell from the periphery towards centre. 

7, Bnathing Roots. Schenck (1889) has studied the breathing roots in/aj«eaa. 
They htive a tnassive arenchyma made up of numerous concentric layers represen- 
ting the cortex. The epidermis and hypodermis are lost at early stages of deve- 
lopment and so these roots have a free communication directly with the outside 
atmosphere. 

8, Ordinary Roots. Normal roots have cpiblema and a large portion of paren- 
chyma cells coiiStituting the cortex without any distinct air spaces. The roots have 
irirarch to penlarch stele, which is very much reduced. Contrary to the condition 
i'ountl in the stem, there arc no starch grains in any of the tissues of the roots. 

9, t.taf. Hairs are present on both the surfaces of leaf. Air spaces are 

tlevdopeti in the lower side of the mild rib region. The parenchyma cells have 
chloroplaw imly in the two wing.s, those occuring in the two sides of the lamina 
liecoming more numerous till the appearance of spongy tissue. A single layer of 
palisade cells is found on the upper side. Stomata are more on the upper than 
on the lower surface, (Figs. 8-9), each stoma is surrounded by more than three 
subsidiary cells, , 


I m I 



Tj 

ptrands, 





tigs. 8 & !1. A part of the upper ars.1 lower epWridih -tlmwiHg Mtmmta. X 60H. 

roid rib has a single arc-shaped vascular strand with no lateral acessory 
ihe cndodcrims wtth starch grains, is distinct <m the lower side only, 4 
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lew xyknt vessels arc pre^nt inierior to pliloem elements. The vascular sttabti 
here is not bicollateral, (Fig. 10). 



ANA'i’OMICO li’HYSIOLOGICAL ASPECT 

JusHm&ffms habTtt^'^WUhthS'^ change in the habitat 

mental conduwns change, it equip the plant to carry on the 

a number of anatouucal xhe presence of breathing spongy roots 

physiological parts of the plants as also for respi- 

seem to be an aid m supporting the structure can hardly be a floating device, 

SplS%“?:T.«n iPS "“-'O’ 

absent in plants growing on land. 

A reduction of the’ c“lquen“t‘'?nc^^ 

m ihc remams m water^ atnmgc of ^^a8es. The anatomical variations are 

needed for the bouyancy and storage of ^ uniformity of the aquatic 

ahnost uniform in the ^yfophytesjn accou mentioned 

environments m which the P . g^jj^ption of terresterial life, 
above takes place consequent upon its adoption 


discussion 

As is evident from the 

live a« an aquatic as well as a land pla physiology of tissues changing with 

Imiations /cquiied rgmtl ffi folloling characteristic correla- 

chaiiges in the anatomy «5, Jl Svttie isc of this plant is noteworthy i 

lion of anatomy and physiology m Hu. cas submerged 

(I) I'he absence of cuticle and t development of chloroplast m 

5“"sr',r Si sticti p— =»« 
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(it) The feeble development of collcnchyma in snbnicrged parts is indicative 
of hydrophytic nature of the plant; its coinparafive greater dcveloptnent 
in plants growing (vn lantl may beconelatcd with the necessity nf 
greater support required for the tenrstr ial habitat. 

(in) The production of large air spaces in the cortejc_ for the bouyancy and 
aeration would seem to be necessary to an aqtratic set up. 

(iv) The production of breathing roots is tuiother concomitant of aquatic 
surrounding; their absctice in tevrcstiial enviromnetjt is as should be 
expected. 

(y) The reduction in the thickening of the pet icyclic fibres is charaett ristir. 
of aquatic environment because support is not needed in such atr envi- 
ronment. 

(tit) The reduction in the thickening and amount of xykm elements are also 
correlated with aquatic environment. The primary function of the 
xylem and its constituent cells is to afford facility for conduction rmd 
support which become rudiment in aquatic .surround itig. I'he main 
function of this tissue is modified to that of storage, The functional 
modification of the xylem elements is an acquired character. When 
the plant takes to land life, the normal function of the xylem is restorer! 
and therefore in such plants starch is not found in the rlement.s compos- 
ing this tissue. The lower region i>f plant which remain in water, 
store starch, as they do not function in oontlnclion. This fact which is 
so distinct a charac-tertslic of this atpiatic plant has not been t epoi ted by 
Mirashi who worked out a numher of hydrophytes, iMirashi, l!i.^j'i“51i), 

(mi) The presence of abundant starch grains in the pith cells indicate that it 
functions mainly as a storage, tissue. 

With the consequent drying of the habitat the changes that are Irruught about 
in the n orphology and anatomy of the plant modify its physiological set up( 

SUMM.XRY 

The anatoraico-physiological characters of Jmma ref>ms have been .stntiied in 
this paper. The plant grows in water as an ntpiatie, but as environmental conditions 
change, it takes to a land habit. With this change in lire habitat a number of 
anatom’ical transformations occur to ctiuip th'> plant to carry on the physiological 
functions. A number of changes in the phy.siology of the tissues ocem such as the 
function of xylem elements as storage rrrgau, which is primarily a conductive ti.ssue, 
is quite abnormal. Additional phloem groups in isolated patches in the central 
part of the pith have been recorded. 

With the consequent wetting or dryiag of the habitat, the iUiatoinieo-physMi- 
logical aspect of the plant is changed, to equip it to its best in that particular envi- 
ronmental condition. 
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Af AcUrubnat Phloem j 
tXl iht^ (lunHium i 
i H Emh>iki-m« Ji 
KC* •■Normtil tltmlnuoi; 
flV'“^l¥nry<*k ; 
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BR-^-Brcaibinig Roots ; 
Gll~"Ghloroplasts ; 

C)H -Co ter Phloem ; 

R -Raphidcs : 

X— Xylem Elcmeots. 
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TOXICITY OF ORGANIC INSECTICIDES TO CERTAIN FISHES 


Ity 


I). S. MATHUR 

Zoology Deparltneittf UniomUy of AUahahad, AllahttM 

(Reccivcdl IS Scplctnbfif l95i)] 

The present study wns nndert.iken to determine the tsiinmmm lethal concentra- 
tion of diirerent insecticides to certain fishes and at the sam' timeto finit out whether 
wide spread nse of' these insecticides may not cause rlrstruclion nf the acquatic life 
in the. ponds etc. With this object in view toxicological te-sts with tour organic 
insecticides viz., DDT, BUG, I/indane and Dicldrin were carried out on a few 
fishes. In all these bio-assay tests fishes were fully fed in order to eliminate ths 
starvation factor. These tests along with controls were conducted at room tempe- 
rature where the teat fishes had been previously acclimati/.ed. Artificial oxygena- 
tion is not normally required and absorption of atmospheric oxygen Iry the exposed 
water surface was usually sufficient for the fish requirement during the test period. 
On the controls no mortality occurred among the fishes. 

The fishes used in this toxicity study were 

(1) TrkhogasUr cimm 

(2) Vkrm Imtmthm 


(1) Effect of DDT: 

(a) Lethal dose for Trichogaitler 'I'hc test was comhicted in a small trough 

containing two liters of tap water and one Jrkhogmiir ehma weighing 1 gm and mea- 
suring 2*5 ems was kept in it. Then 1 cc of 25 i DDT emulsion was sprayed in 
the container. The fish died in two h<mr«. Lethal cllVeis were noted at 500 p. p. m. 
dosage. Some very peculiar symptoms were, noted when the fish came in con- 
tact with DDT. As soon as the fish c.une in contact with DD T, it became very 
much excited and frequently came to the top of the conOtiner for gulping fresh 
quantity of air. At tlu; point of death it begun to Boat in an upside tlown position. 
Ultimately the rate of respiration became slow and the crjtiiUbriutn wa.s lost and 
the fish died. 

In another experiment in a small battery jar four liters of tap water was 
taken and one Trichogaster chuna weighing 1 gm and measuring 11 enrs was kept In it. 
Then 4 cc of 25% DDT emulsion was sprayed. The fish died in I hour and 1.5 
minutes. 1000 p. p. m. wa.s lethal to it. Its behaviour was similar as in pre- 
vious case. 

(b) Lethal dose for Clarkr batraehtis-^ln a trough .5 liters of water was taken 
and one Clarkr batrachts weighing 25 gms and measuring 14*5 ems was kept in it. 
Then 5 cc of 25z DDT emulsion was sprayed. The fish died in two hours. 1000 
p. p. m. was lethal to it. 

The fish when came in contact with DDT showed high excitability folloyted 
by sudden convulsive movements, causing jerky and violetu movements. Later the 
fish started losing the balance and laid on its sides. Ultimately the equilibrium 
y?as lost and the fish died. 
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In anot!»er experiment in 5 liters of water t\yo specimens of darks batrachus 
weighing 1«> gms ami 20 gms and measuring 16 ems and 18 eras respectively were 
kept. Then 5 ce of 25% DD T emulsion was sprayed. Both the fishes died in two 
botiis. U)(K) p. p. tn. was toxic to it. Symptoms were identical as in previous case. 

(3) Effect of Lindane : 

(fl) dm* for TmAoiadcr 4 liters of water one Trkhosaster chum 

weighing 1 gm atwl nre istiring 8’8 ems was kept. Then 6 cc of commercial Lindane 
was sprayed. In 45 minutr.s the fish was dead. 1500 p. p. m. was toxic to it. As 
sotut as i ind'anr was sprayed tite. fish got much excited and frequently came to the 
topof tiie ctHUa'mer for gulping fresh air followed by convulsions. It lost the 
rquilihi iutn finally ami tlied. 

In another experiment in 3 liters of water one TrlchogasUr churn weighing 2 gms 
and measuring 4'«) ems was kept. Then 5 cc of Commercial Lindane was sprayed. 
The fislr died in 50 mitniics. 1666‘5 p. p. m. was lethal to it. Symptoms were 
similar as in previous case. 

(h) Mhdi dos# fur darks balrachus-^ln 5 liters of water one Clarks batrachus 
weighing 27 gms and measuring 16*5 ems was kept. Then 15 cc of Commercial 
lindane was sprayed. In 30 minute* the fish was dead. Lethal effects were noted 
a^t 300!) p. p, m. t he fish showed convulsions and this was followed by quiescent 
periwl with loss of balance, 


(3) Effect of BIcldrftt 

(a) Ulhol dtnr /or Clarks batrachus— U 5 liters of water two Clarks batrachus of 
tlifferem weight !md sixe were kept. Bigger one was weighing 30 gms. and mcasur- 
it»g 1/ em^ and smaller mm was weighing 22 gms. and measuring 14-5 ems. Then 
25 cc of Teehtdeal dieWrin was sprayed. The smaller fish died m 4 hours and 15 
nfinvjirs and the larger fish died in 5 hours. 5000 p. p. m. was lethal to it. As soon 
as Difldrin was sprayed the fish st.mted showing convulsions. Late the equili- 
brium was lost and uliimairly the fish died. 


f A) Ulkal dm far Tikhumstfr cftima-Thc tests were carried out in small jars 
with 3 iteis of water. In this J.w one rtichgfsr chuna weighing 1 gm and measur- 
ing 4*2 ems was kent in it. Then 0 cc of I’cchmal dieldrin was^prayed. The fish 
died in 4 h*»ur,s ami 30 Minutes. 


2000 


was sprayed. The fish 

S p m. was toxic to it The fish developed 
icldrin. The fish frequently came to the 
naV Fthercomainerlof gnlpmg fresh air. For a while the fish remain suspended 
in veftic.d posiiinn in the. container and then after lew movements it regained its 
original form. Ultimately the balance was lost and the fish died. 

In -inotlier experiment in 3 liter* of water one TrkhogasUr chuna weighing 1 gm 

12 cc of TcchmcalDieldnn was sprayed. 

Thr fish died in 3 hours. 4000 p.p.m. was lethal to it. 


(4) Effect of BMC 

fa) iMhd dmc hr 7,itk>iaskr thum-Thc tests were performed in small aquaria 

„UU 3 lit ““ S/r. I» .to ‘"i" 6.” 

and measuring 4 cm was kept. Hieia 12 cc of BHG (10^) was sprayed. A he hsh 

died in 4 hours, 4000 p.p.m, was toxic to it. 

[ ] 



In another experiment in 3 liters of water one Trkhogmtn thma weighing 5 gms 
and measuring 3 cms was kept. Then 12 cc of BHG (5%) was spjaycd. 'Ihc fish 
died in 5 hours. 4000 p. p. m. was lethal to it. The fish showed convulsion. 
Later laid on its side and lost balance and died. 

{b) Luhd dose for Clarias bcUraehus^-Hht cxperinient was performed in small 
jars. In 6 liters of water one Clarias batrachus weighing 23 gms and measnt ing 15*6 
cms was kept. Then 24 cc of BHC (2(i%) was sprayed. The. fish died in 4,i minutes. 
4000 p. p. m. was toxic to it. Symptoms were identical as in previous ease. 


SUMMARY 

(1) Toxicological tests were conducted with four chlorinated hydrocarbon 

insecticides to determine their comparative toxicity to these fishes. 

(2) At higher concentration (5000 p. p. m.) the first visible evidence of the 

effect occurred after 30 to 60 minutes of exposure while at lower 
concentration (200 p. p. m.) a much larger time was required. 

(3) Various sizes of fishes were exposed to different formulation of DDT. 

BHO, Lindane and Dieldrin, so that the difference between age. and 
species susceptibility could be. determined. 

(4) The affected fishes showed few characteristic symptoms” the fishes 

showed a brief period of high excitability folltrwed by convulsive 
movements, causing jerky and violent movements. Wry short 
quiescent period f ollowed with loss of equilibrium. 
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